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COMEIRESSt’?lZSTRENQI!KOF 24S4 ~ JZGATPANEIS

FOUR RA!lKCOSOF ~THICKNESs To SKIIV!I!EECKNISS

By William A. ~CbIIS31 and ~OZ’I’iS F. h

Results =e presented for a test program on 24S+ aluminun+alloy
flat compression panels with longitudinal formed hat-section stiffeners.
The results for panels in which the thicknesses of the stiffener material
me 0.39 and 1.25 times the skin thickness are presented and incorporated
with the results previously presented for panels in which the thicknesses
of the stiffener material are 0.63 and 1.00 times the skin thickness.
The results, presented in tabular and graphical form, show the effect of
the relative dimnsions of a panel on the buckling stress and the average
stress at failure.

INTRODUCTION

An extensive experimental investigation
24S+ alumtn~loy flat compression panels

I

of the strength of
with longitudinal formed

.-

. .

.
Z-section stiffeners was reported in reference 1. The data presented in
reference 1 were reworked on the basis of a selected design parameter and
were used for the preparation of design charts in reference ?Y A simikr

.
investigation is now being completed on panels of the same-material with
formed hat-section stiffeners in order to make design chsrts and also to
provide an eventual comparison of the structural efficiencies of the two
types of stiffener.

This compression–panel test program consisted of four larts. The
first two parts, for which the thicknesses of the stiffener material
were 0.63 and 1.OO times the skin thickness~ were reported in references 3 ‘-
and 4. The last two parts,?or which the thicknesses of the stiffener
material were 0.39 and 1.25 times the skin thickness, have now been con+
pleted and are presented herein with the results of the first two Wts.

The present paper deals only with the data as obtained; no attempt
has yet been made to prepare des@n charts from these data.
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SYMBOIS

.~
Synibolsfor dinmnsicms,of panel cross sections e.re.shown in

figure 1. In addition, the following synibolsare used:

Pi compressive load per inch d panel width, Hps per inch

% cross-sectional area per inch of pamel width, expressed as an
equivalent or average thickness, inches

L length of panel, inches

c coefficient of

‘cr local-buckling

z
f

average stress

end fixity in Euler column formula

stress of skin or stiffener, ksi

at failure, ksi

TEST SPECIMENS

A typical cross section of the test panels is shown in figure 1.
Both the skin and the stiffeners were made of 24s-T aluminun+alloy sheet
with the grain of the material parallel to the longitudinal axis of the
panels. The with-grain compressive yield strength of the skin material
ranged between 42.2 ksi emd 47.9 ksi with en average of 4s.8 ksi and
that of the stiffener material before forming varied between hl.9 ksi
and 46.2 ksi with an average of 44.3 ksi.

For the tests reported herein, the nominal thicknesses of the skin
materiel were 0.102 inch, 0.064 inch, 0.040 inch, and 0.032 inch and the
naminal stiffener thickness was 0.040 inch. The nominal ratios of the
stiffener thickness to the skin thickness tU/tS were therefore constentj
the values being 0.39, 0.63, 1.00, and 1.25, respectively. With these
dimensions known, numerical values for all other cross-sectional dimen-
sions can be found by means of the proper dimension ratios. The
stiffeners were formed from flat sheet to an inside radius of 0.125 inch

()

tw
for all bends ~z 3 . For panels having ~ = 0.39, 0.63, 1.00,

.

.

and 1.25, the w~dths-of the attachment flange bA were 0.85 inch,
0.75 inch, 0.65 inch, and 0.55 inch, respectively. The rivet lines on
the stiffeners were on the longitudinal center lines of the attachment
flemges. —

s-.

The NACA flush–riveting method (method E of reference 5) was
employed in the construction of the test specimens. The rivet holes
were countersunk on the skin side of the panel to a depth of three-fourths

-.

of the skin thickness, the countersink having an included angle of CIOO.
Ordinary flat-head A17W aluminum-alloy rivets were inserted from the
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stiffener side, and the shanks were upset into the countersunk cavity.
The protruding part of the upset shank was then milled off to provide

.- a smooth surface. The rivet diameters and rivet pitches used =e shown
in the following table:

.

.

. .

#-

I
Rivet Rivet

tw/ts diameter pitch
(in.) (in.)

0.39 3/16 1

.63 5/32 3/4

1.00 l/8 1/2

1.25 3/32 3/8

MITHOD OF TESTING

The specimens were tested flat+nded, without side.support, in the
1,200,000-pound-capacitytesting machine et the
reseach laboratory. Within the range of loads
load on the testing machine was within one–half
applied load. Provisions were made for setting
testing machine in such a manner as to maintain
panels end afford uniform beering at the ends.
panel in the testing machine.

Langley structures
used, the indicated
of 1 percent of the.
the s~ecimens in the
the flatness of the
Figure 2 shoys a failed

Resistance-type wire strain gages were used to measure strains at
successive increments of load. The gages were placed in those locations
on the stiffeners and skin where buckles were ex~ected to appeer first.

MEWHODS OF TREATING TEST DATA

In reference 6, the coefficient of end Mxity c was found to be
about 3.75 for panels which were tested flat-ended in the same testing
machine used W the present investigation. Because the panels of this
investigation are similsr to the panels of reference 6, this value
of c was used fn working up the present data.

In order to obtain the average stress at failure ~f, the load
at which failure occurred was divided by the cross—sectional mea of the
panel. No adjustment was made to offset the effect of having an unequal
number of stiffeners and bays. The effect of such an adjustment would
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be to decrease slightly the values of
bs

Pi
ar at ‘igh ‘dues ‘f ~

and —. Inasmuch as the purpose of the present paper is to present
QX

test data, however, and not to prepare final design charts, the adjust-
ment was considered unwarranted.

The local buckling load was determined by the “strain-reverml
method” (see reference 7) as the load at which a plot of the strains
nea the crest of a buckle first shows a decreasing strain with in-
creaelng load. The buckling load was divided by the cross-sectional
area of the panel to give the observed buckling stress. An adjustment
WELSmade in the observed buckling stress to correct for slight variations
of the actusl dimensions from the nominal dimensions of the specimens.
The method for making the adjustment is explained in the appendix of
reference 3.

Because stresses are determined by the relative rather than by the
absolute dimensions of the panels, nondimensional

presenting the data. In reference 2 the quantity

as a suitable parameter against which to plot the
maximum load. This parameter is used in plotting

ratios are used in

~ is developed
L~
average stress at
the results of the

tests in the prasent investigation.

RESULTS AND CONCLUSIONS

The primary results of this investigation
to 16 and figures 3 to 18.

are to be found in tables 1

.

.’

.

.

.

Tables 1 to 16 (facing figs. 3 to 18, respectively) list both Lhe
observed and the adjusted buckling stresses, together with the average

.

Pl
stress at failure, for corresponding values of

i~~”
The nomjnal

F
values of T ~ are included in the tables for convenience in msking

comparisons with other panels. Values of L/~ are also given.

In figures 3 to 18 the average stress at failure :f is.plobt.ed

against L%
for the various dimension ratios used. The”injtial dashed

parts of the curves were computed from the column strength of the panels
based on nominal dimensions and the combination of Euler end straight-l~ns
column curves recommended for 24SJT aluminum-alloy material jn reference 8;

-.

the solid-line parts of the curves were draw t~ough the experimental ‘
test points. -

The following conclusions may be drawn

verious dimension ratios on the strength of

-.

regarding the effect of the
the test panels. It is
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assumed that as each dimension ratio is changed all others remain constant. .
These conolusbns can only be considered to apply within the range of

“. panels tested.

1.
Pi

At very low values of (long psnels that fail by columm
m

bending), the stress developed by the panels increases with an increase
in bW/tW because an increase in the height of tQe stiffeners provides

increased column strength. For high values of
L+~

(short panels

that fall by locel buckling), however, the stress generally decreases
as b~tv increases because an increase in the height of the stiffeners
decreaaes the local-buckling strength.

2. At very high values of ‘i

%%
(short panels that fail by local

buckling), en increase in the ratio ~/tw tends to decrease the stress
—

developed by the psmels because an increase in the width of the stiffeners
tends to decrease the local-buckling strength.

.

.

Pi
3. I&cept at very low values of c (long panels that fail by

Tcolumn bending), the stress developed by he test psnels tends to increa&m

das b tS is decreased because a decrease in the stiffener spacing in-
creases the local-buckling strength.

Langley Memorial.Aeronautical.Laboratory
National Advisory Committee for Aeronautics

Lsngley Field, Vs., February 2, 1948
.

.

.=
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TA2L2 1

TEST MTA Pm puT PANEM WITH HAT-9EOTIONsTI~F2N2RSwITH ~ = 0.39 ,
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TASIX b
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